Background: Folate, a water-soluble B vitamin and one of the major micronutrients in vegetables, is known as an essential factor for the de novo biosynthesis of purines and thymidylate, and it plays an important role in DNA synthesis and replication. Thus, folate deficiency results in ineffective DNA synthesis, and has been shown to induce the initiation and progression of colorectal cancer (CRC). Recently, the incidence of CRC in Korea has increased markedly in both men and women; this trend may be related to the adoption of a more 'westernized' lifestyle, including dietary habits. Objective: A hospital-based case-control study was conducted to examine the relationship between folate intake and the risk of CRC within a Korean population. Methods: A total of 596 cases and 509 controls, aged 30À79 years, were recruited from two university hospitals. Site-and sexspecific odds ratios (ORs) were estimated using logistic regression models. Results: Cases were more frequently found to have a family history of CRC among first-degree relatives, to consume more alcohol, to be more likely current smokers and less likely to participate in vigorous physical activity than the controls. In the overall data for men and women combined, multivariate ORs (95% confidence interval (CI), P for trend) comparing the highest vs the lowest quartile of dietary folate intake were: 0.47 (0.32-0.69, o0.001) for CRC, 0.42 (0.26-0.69, o0.001) for colon cancer and 0.48 (0.28-0.81, 0.007) for rectal cancer. An inverse association was also found in women with dietary folate intake: 0.36 (0.20-0.64, o0.001) for CRC, 0.34 (0.16-0.70, 0.001) for colon cancer and 0.30 (0.12-0.74, 0.026) for rectal cancer, but not in men. In addition, the total folate intake of women was strongly associated with a reduced risk of rectal cancer (OR, 0.38; 95% CI, 0.17-0.88; P for trend ¼ 0.04). Conclusion: We found a statistically significant relationship between higher dietary folate intake and reduced risk of CRC, colon cancer and rectal cancer in women. A significant association is indicated between higher total folate intake and reduced risk of rectal cancer in women.
Introduction
Cancer has been the leading cause of death in Korea since 1983, followed by cerebrovascular and heart diseases (National Bureau of Statistics, 2006) . Between 1983 and 2005, the mortality rate for colorectal cancer (CRC) increased by 6.1 times among males and by 6.8 times among females; during this same period, the mortality rates for cancers of the stomach and liver have decreased. In most of the industrialized world, CRC ranks among the most prevalent and lethal types of cancer (Parkin et al., 2005) . Ongoing research efforts are attempting to determine the relationship between dietary factors and the risk of CRC (Kim, 2004; RyanHarshman and Aldoori, 2007) .
Folate, a vitamin contained in fruits and vegetables, particularly in leafy green vegetables and citrus fruits, may decrease the risk of CRC. Various compounds found in food plants may provide the protective effects associated with fruit and vegetable intake; folate has emerged as a candidate micronutrient responsible for such protection conferred by fruit and vegetable intakes. A recent meta-analytical study, when restricted to cohort studies, found a significantly lower (by 25%) statistical risk of CRC among participants with relatively high folate intake vs those with low folate intake (Sanjoaquin et al., 2005) . Similarly, the meta-analysis restricted to previous case-control studies show that those with high folate intake carry a decreased risk for CRC by 24% compared with those with low folate intake (95% confidence interval (CI) ¼ 0.60-0.96) (Sanjoaquin et al., 2005) .
A report from the World Cancer Research Fund (2007) concluded that there is limited evidence to support an inverse association between dietary fruit and vegetable intake and several cancers, including CRC. In a recent review article (Kim, 2006) , there were findings in animal and intervention studies, different from epidemiological studies, that low folate status might inhibit colorectal carcinogenesis, whereas high folate status may promote colorectal carcinogenesis depending on the timing and dose of folate intervention.
Many recent studies conducted in North America (Le Marchand et al., 2005; Wei et al., 2005; Zhang et al., 2006) , Europe Brink et al., 2005; Larsson et al., 2005; Norat et al., 2005; Ravasco et al., 2005; de Vogel et al., 2006; Ferrari et al., 2007; Guerreiro et al., 2007; Mas et al., 2007) , Japan (Matsuo et al., 2005; Otani et al., 2005; Ishihara et al., 2007) and China (Jiang et al., 2005) evaluated the association between folate intake and the risk of CRC. Findings seem to differ somewhat according to ethnic group (Satia-Abouta et al., 2004) . In a study conducted among Japanese participants with relatively high folate exposure, this association was weaker than in studies conducted among other ethnic groups (Ishihara et al., 2007) . These results are consistent with another Japanese study that showed a null association, possibly because of an insufficient number of folate-deficient participants, in a hospital-based sample using a case-control design (Otani et al., 2005) .
In the light of this recent debate on dual modulatory effects of folate on colorectal carcinogenesis, we used a casecontrol design to examine the relationship between folate intake and the risk of CRC within a Korean sample.
Materials and methods

Study participants
Our study population consisted of 596 patients, aged 30À79 years, who were consecutively admitted to two university hospitals in Seoul, Korea, between 2001 and 2004 with confirmed diagnoses of CRC. The cases were reconfirmed from both pathology report and chart review. The International Classification of Diseases-10 codes C18 and C20 were used to identify colon and rectal cancer, respectively. The control group consisted of 509 patients, aged 30À79 years, who had been hospitalized during the same period for a wide spectrum of non-neoplastic conditions (for example, acute appendicitis, acute otitis media, inguinal hernia and nontraumatic orthopaedic disorder); patients with past histories of malignant neoplasm were excluded. All protocols and consent forms were approved by the institutional review board of the participating institution, and participants provided consent following recommendations by their attending physicians.
Data collection
A trained nurse interviewer collected information on smoking habits, alcohol intake, diet and other lifestyle characteristics using a structured questionnaire. Smoking history was categorized as none, past or current. Alcohol intake was measured in terms of the reported frequencies and amounts consumed per type of alcoholic beverage during the year before symptom appearance. Daily ethanol intake of individual alcoholic beverages was calculated in grams based on the ethanol content of the beverage. Total ethanol intake was calculated and categorized into three levels (o5, 5À29, or Z30 g/day); 30 g of ethanol corresponds to roughly two drinks in Western countries. We developed and administered a food frequency questionnaire to determine normal dietary intake. The reliability and validity of this questionnaire has been reported previously (Kim et al., 2003a; Kim et al., 2003b) . All participants were queried about their individual average frequency of eating and typical portion sizes during the year before the interview. The average daily nutrient intake for each participant was estimated by adding the intake amount and associated nutrient content per 100 g for each of the 98 foods. This value was converted to a daily nutrient intake using the scales for consumption frequency (that is, never or rarely, once a month, twice or thrice a month, once or twice a week, three or four times a week, five or six times a week, once a day, twice a day and thrice a day) and portion size (that is, small, medium and large) included in the food frequency questionnaire.
In this case-control study, we evaluated the daily nutrient intakes for each participant, with particular emphasis on folate. Information on supplements was collected to calculate the total folate intake. Vigorous activity was defined as participation in activities with a metabolic equivalent of X6.0 based on a compendium of physical activities, as proposed by Ainsworth et al. (1993) (for example, cycling, jogging, swimming, mountain climbing and aerobics).
Statistical analyses
We examined the association between folate intake and the risk of CRC using logistic regression models. Measurements of folate intake by delivery source (that is, folate delivered through diet vs through supplements) were adjusted for total energy intake using the linear residual regression method (Willett, 1998) . Quartiles of folate intake were classified based on the distribution among controls.
Covariates included in the model were age, sex, family history, smoking, alcohol consumption and physical activity, which showed statistically significant differences in general characteristics between cases and controls (Table 1) . Potential confounders also included body mass index during the previous two years, hospital identity, multivitamin use and total energy intake in the final logistic regression model. Odds ratios (ORs) and 95% CIs were calculated, and the significance level was set at 5% for all statistical tests. To test for linear trends across folate quartiles, we assigned a median value for the study population to each category and used these values as continuous variables. SAS Windows (version 9.1; SAS Institute, Cary, NC, USA) was used for all analyses.
Results
Cases were found more frequently to have a family history of CRC among first-degree relatives, to consume more alcohol, to be more likely current smokers and less likely to participate in vigorous physical activity than controls (Table 1) . Both dietary folate intake and total folate intake were higher in the controls than in the cases. When stratified by sex, there was a statistically significant difference in dietary folate intake between cases and controls in both men and women. Table 2 shows the risk of CRC in relation to dietary folate intake in both age-adjusted and multivariate-adjusted models. After adjusting for confounding variables, the protective effects of dietary folate were evident in the overall data for men and women combined when comparing the highest quartile with the lowest (OR (95% CI): CRC, 0.47 (0.32-0.69), P for trend o0.001; colon cancer, 0.42 (0.26-0.69), P for trend o0.001; rectal cancer, 0.48 (0.28-0.81), P for trend ¼ 0.007). We observed stronger relationships between the highest and lowest quartiles of dietary folate intake among women (OR (95% CI): CRC, 0.36 (0.20-0.64), P for trend o0.001; colon cancer, 0.34 (0.16-0.70), P for trend ¼ 0.001; rectal cancer, 0.30 (0.12-0.74), P for trend ¼ 0.026), whereas weaker and statistically non-significant associations were found between these groups within the male sample (OR (95% CI): CRC, 0.72 (0.44-1.18), P for trend ¼ 0.162; colon cancer, 0.65 (0.35-1.20), P for trend ¼ 0.145; rectal cancer, 0.74 (0.38-1.43), P for trend ¼ 0.248).
We also observed that higher total folate intake (including supplements) was associated with a reduced risk of CRC and rectal cancer in the overall data for men and women combined for comparisons of the highest vs lowest quartiles of intake. A linear trend was shown in an increasing dose response manner (OR (95% CI): CRC, 0.64 (0.45-0.92), P for trend ¼ 0.025; rectal cancer, 0.50 (0.30-0.82), P for trend ¼ 0.007), although these effects seemed slightly weaker than the effects of dietary folate alone (Table 3 ). In analyses according to sex, a marginal and statistically insignificant Table 1 Characteristics of study subjects Folate intake and colorectal cancer J Kim et al association between total folate intake and CRC was found in men (multivariate OR (95% CI): CRC, 0.64 (0.39-1.03), P for trend ¼ 0.120; colon cancer 0.60 (0.33-1.08), P for trend ¼ 0.106; rectal cancer, 0.61 (0.32-1.13), P for trend ¼ 0.240). In contrast, a statistically significant inverse association was observed for rectal cancer (0.38 (0.17-0.88), P ¼ 0.041) in women. However, this inverse association did not show a linear trend when comparing the highest quartile with the lowest for CRC (0.55 (0.31-0.95), P for trend ¼ 0.118) or colon cancer (0.75 (0.39-1.43), P for trend ¼ 0.931) in women.
Discussion
This study has summarized that there were statistically significant differences, indicating more prevalence in family history, smoking and alcohol consumption, and less physical activity among cases than among controls. In the overall data for men and women combined, an inverse relationship was observed between dietary folate intake and CRC, colon cancer and rectal cancer. A stronger relationship was found between dietary folate intake and CRC, colon cancer and rectal cancer in women. A statistically significant inverse Folate intake and colorectal cancer J Kim et al association was also observed for rectal cancer in women with higher total folate intake. Our findings that dietary folate intake may be associated with an overall reduction in risk of CRC, not merely restricted to sex-or site-specific reductions, are important, because they suggest that cancer risk can be decreased by modifying diet (Giovannucci, 2002) . Folate has been thought to be essential for nucleotide synthesis, DNA replication and methyl group supply (Luebeck et al., 2008) . The biological mechanisms ascribed to the associations between low level of folate intake and CRC include higher mutation rates and reduced stability of DNA methylation patterns (Choi and Mason, 2002) . In particular, it has been proposed that polymorphisms in folate-metabolizing enzymes and genes involved in DNA methylation are associated with CRC (Mokarram et al., 2008) . Methylentetrahydrofolate reductase is a key enzyme regulating folate metabolism, which affects DNA methylation and synthesis. Methylentetrahydrofolate reductase converts 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, which is required for homocysteine methylation to methionine. Methionine is then activated to S-adenosylmethionine, a universal methyl donor in numerous transmethylation reactions, including methylation of DNA, RNA, proteins and other molecules (Cellarier et al., 2003; Brockton, 2008; Guerreiro et al., 2008; Sharp et al., 2008) . The frequency of the methylentetrahydrofolate reductase C677T polymorphism seems to be higher in Korean population than in other Asian populations (Cho et al., 2006; Moon et al., 2007) . Although the protective role of folate in carcinogenesis has recently been questioned, and may be more complex and dependent on dose and timing of folate administration during the carcinogenic process (Ulrich et al., 2005; Kim, 2007) , it can be concluded that folate may contribute to the prevention of CRC through two primary mechanisms: nucleotide synthesis and methylation reactions (van Guelpen, 2007) . Findings of an association between the reduced risk of CRC and higher dietary folate intake occasionally differed according to site of CRC, type of food, sex, body mass index and other factors (Benito et al., 1991) . In particular, different sites were associated with different results (that is, a significant association was observed for CRC, but not for colon or rectal cancer). Subgroup analyses stratified by sex may have lacked the power to reach statistical significance (Bollheimer et al., 2005) . Several studies showed a more significant association in regard to the rectum than to the colon (Freudenheim et al., 1991; Ferraroni et al., 1994; Dahlin et al., 2008) . In contrast, another study showed that total folate intake was associated with reduced cancer risk in the colon, but a twofold increased cancer risk in the rectum, although these results were not statistically significant (Glynn et al., 1996) . However, several other studies reported consistent results: the association was significant in colon cancer, but not in rectal cancer (Wei et al., 2003; Larsson et al., 2005) . In addition, previous studies indicated that the protective effects of vegetables were restricted to the left colon (Boutron-Ruault et al., 1996) . At this time, it is unclear whether the association between folate intake and cancer risk is significantly stronger in the colon or in the rectum (Sanjoaquin et al., 2005) . In this study, we found that total folate intake was significantly associated with a reduced risk of rectal cancer (P for trend ¼ 0.04), but not colon cancer (P for trend ¼ 0.93). These results are in agreement with those reported in a precedent study (Wei et al., 2005) . However, in a previous meta-analysis (Sanjoaquin et al., 2005) , a stronger association was found for colon cancer than for rectal cancer. Therefore, this question remains open and further studies are required to clarify this issue.
In this study population, the prevalence of multivitamin supplement use was higher among controls than among cases (16.3 vs 14.6%), though statistically non-significant. When adding supplements to the dietary folate intakes in the overall data for men and women combined, total folate intake was no longer associated with the reduced risk of colon cancer, but remained apparently protective against rectal cancer. In addition, in the result from sex-specific multivariate ORs, the apparent protective effect was lost in colon cancer for women, but not in rectal cancer.
Discrepancies according to tumour site may reflect different underlying molecular pathways (Dahlin et al., 2008) . Specific biological mechanisms, operating within the two main pathways, may account for colorectal tumourigenesis. In particular, chromosomal instability is observed in the majority of sporadic colorectal adenocarcinomas, whereas microsatellite instability (usually due to hypermethylation and silencing of mismatch repair genes) may be associated with alternative pathways to malignancy. These two pathways seem to depend on tumour site (for example, colon or rectum) and may be associated with different causative factors because of different latency periods (Breivik et al., 1997) . These contradictory results clearly require additional studies that examine larger numbers of site-specific cancer cases.
There have been different study results depending on which study design was used, whether either dietary or total folate level was used as an independent variable of interest in statistical analyses, and whether significant homogeneity has been present among studies in the meta-analysis (Sanjoaquin et al., 2005) . One possible explanation for these discrepancies may be the adjustments made for confounding factors (for example, fibre intake, minerals and vitamins, especially vitamins A, C, D and E, as well as calcium; Giovannucci et al., 1998; Konings et al., 2002; Sanjoaquin et al., 2005; Mai et al., 2007) . However, Giovannucci et al. (1998) reported that a significant association between folate intake and the risk of CRC remained after adjusting for other vitamins and minerals. As data regarding the amount of fibre in many foods and supplements are unavailable in Korea, we were unable to analyse the risk of CRC after adjusting for fibre intake. Further studies are required to determine whether dietary or total folate intake is more strongly related to the risk of CRC, and whether the risk of CRC is affected by other factors, such as fibre intake.
The present study is the first to explore the relationship between folate intake and the risk of CRC in a Korean population. The data were gathered through detailed face-toface interviews, enabling the collection of comprehensive information on related lifestyle factors, thus lessening the potential for misclassification and measurement errors. In spite of such strengths, this study also possesses some of the limitations usually inherent to case-control study designs (that is, selection and recall biases). In particular, the hospital-based control group may not represent community-based counterparts. There is also the possibility for differential recall between cases and controls. Owing to their symptomatic and diagnostic status, cases may differ from controls in their recall of dietary habits. To alleviate problems due to this differential recall, we tried to collect the dietary information as soon as possible, immediately after diagnosis, and asked about usual dietary habits before the symptoms developed. In addition, a wide range of potentially confounding variables, such as demographic and lifestyle-related factors, was considered to show the independent effect of folate intake on the risk of CRC.
In conclusion, we found a statistically significant relationship between higher dietary folate intake, and reduced risk of CRC, colon cancer and rectal cancer in women. A significant association is evident between higher total folate intake and reduced risk of rectal cancer in women. Larger studies are required to elucidate site-specific differences in the effects of folate intake on the risk of CRC.
